
1P/$QCTF"4GEQTFKPI"HQT"%QOOGTEKCN"/QVQT"8GJKENGU"CPF"&TKXGTU<
/KETQUEQRKE"CPF"/CETQUEQRKE"#RRTQCEJGU

0GKNN".0"6JQOCU"CPF"&GDQTCJ"/0"(TGWPF
1HHKEG"QH"/QVQT"%CTTKGT"CPF"*KIJYC["5CHGV[

(GFGTCN"*KIJYC["#FOKPKUVTCVKQP
622"9VJ"5VTGGV."59."9CUJKPIVQP."&%"427;2/2223

-';914&5
*KIJYC[."QRGTCVKQPCN."RGTHQTOCPEG."RNCPPKPI0

+0641&7%6+10

#RRTQZKOCVGN["405"OKNNKQP"FTKXGTU"QRGTCVG"EQOOGTEKCN"OQVQT"XGJKENGU"*%/8U+"KP"KPVGTUVCVG"EQOOGTEG0"
%TCUJGU"KPXQNXKPI"VJGUG"XGJKENGU"CTG"KORQTVCPV"UCHGV["EQPEGTPU"QH"VJG"(GFGTCN"*KIJYC["#FOKPKUVTCVKQP
*(*9#+"HQT"UGXGTCN"TGCUQPU"*(*9#."3;;;+<"

· On average, CMVs travel 5-10 times the annual miles of passenger cars.  Although the crash rate
of CMVs has held steady for several years, the number of crashes has risen because the number of
vehicles and distance traveled both are increasing.

• Heavy trucks make up 3% of the registered vehicle population in the United states, account for 7%
 of all vehicle miles traveled, but represent 9% of motor vehicles involved in fatal crashes.

• CMV-related fatal crashes and injuries cost the U.S. economy $15 billion annually.

• Non-CMV vehicles and their drivers bear most of costs of CMV-related crashes: 85% of fatalities,
75% of injuries, 67% of economic losses.  

Hours-of-service of CMV drivers are covered under the Federal Motor Carrier Safety Regulations
(FMCSRs), at Title 49, Part 395, of the Code of Federal Regulations.  The regulations prohibit a driver
from driving more than 10 hours following a minimum of 8 consecutive hours off-duty, or driving after 15
hours on-duty [including any driving time] following a minimum of 8 consecutive hours off-duty.  They
require a driver to be given at least 8 consecutive hours off duty between driving and on-duty periods. 
Drivers are also prohibited from operating a CMV after accumulating 60 hours on-duty in any 7
consecutive day period (if the motor carrier does not operate its vehicles every day of the week), or 70
hours in any 8 consecutive days (if the motor carrier operates CMVs every day of the week). 
The requirement for CMV drivers to record their hours-of-service, and for motor carriers to maintain those
records is included in regulations written in 1939 and still in effect.  The record of duty status (RODS),
commonly known as a driver’s log, must be completed by all CMV drivers operating in interstate
commerce.  Details of the requirement are contained in 49 CFR 395.8. 

$GECWUG"EQORNKCPEG"YKVJ"JQWTU/QH/UGTXKEG"TGIWNCVKQPU"*K0G0."PQV"GZEGGFKPI"OCZKOWO"FTKXKPI"CPF"FWV[
VKOG"NKOKVU."CPF"DGKPI"CHHQTFGF"CV"NGCUV"VJG"OKPKOWO"QHH/FWV["VKOG"HQT"RWTRQUGU"QH"QDVCKPKPI"TGUV+"JCU"C
UVTQPI"KPHNWGPEG"QP"VJG"CDKNKV["QH"C"FTKXGT"VQ"RGTHQTO"UCHGN[."VJG"TGEQTFKPI"QH"FWV["UVCVWU"CPF"VKOG
DGEQOGU"CP"GUUGPVKCN"TGIWNCVQT["KUUWG0"

We believe there are merits to both macroscopic (vehicle and operationally-oriented) and microscopic
(driver self-monitoring) approaches for planning and monitoring duty and non-duty times to enhance safe



and productive CMV transportation.  Two FHWA projects -- a research study and an operational test -- are
exploring the feasibility of these different, yet complementary, approaches.  "
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The FHWA estimates that 1.6 million drivers are required to prepare RODS.  The amount of time required
to fill out a RODS varies with the number of stops and changes in a driver’s status (from on-duty-driving
to on-duty-not-driving, for example), but the FHWA estimates approximately two minutes per driver per
workday.  6JG"CIGPE["GUVKOCVGU"VJCV"VJGUG"FTKXGTU"CPF"VJGKT"OQVQT"ECTTKGTU"KPEWT"C"VKOG"DWTFGP"QH"3605
OKNNKQP"JQWTU"CPPWCNN[0""The annual direct costs of drivers’ RODS, not including wage and hour costs, are
estimated to be $22.9 million.  This is the third-highest paperwork burden of all FHWA regulations, and is
among the 10 highest in the DOT. 

An option of using a simpler record is available to drivers who operate within a 100 air-mile radius of their
normal work reporting location, and who are released from work within 12 consecutive hours of the time
they report for work.  These drivers  may use time cards (required by statute and the regulations
administered by the Wage and Hour Division of the U.S. Department of Labor) instead.  The FHWA
estimates that just under 700,000 drivers fall into this category.9*;"5*17.&"/1614"%#44+'45
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RTQHKVCDNG"CPF"C"OQPG[/NQUKPI"QRGTCVKQP0"
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FGENKPKPI"EQUVU"QH"TGCN/VKOG"UCVGNNKVG"EQOOWPKECVKQPU"CTG"FTKXKPI"VJG"VTGPF"VQYCTFU"TGCN/VKOG"QRGTCVKQPCN
OQPKVQTKPI."YJKEJ"YG"YKNN"FGUETKDG"KP"VJKU"RCRGT0"

5CXKPIU"ECP"CNUQ"DG"FGTKXGF"HTQO"CXQKFCPEG"QH"CFXGTUG"QEEWTTGPEGU."UWEJ"CU"ETCUJGU"CPF"PQP/ETCUJ
KPEKFGPVU0""#"ETCUJ"KU"DQVJ"C"JWOCP"VTCIGF["CPF"C"XGT["EQUVN["GXGPV0""#UUWOKPI"C"4'"RTQHKV"OCTIKP."C
OQVQT"ECTTKGT"PGGFU"VQ"IGPGTCVG"CP"CFFKVKQPCN"&472.222"QH"TGXGPWG"VQ"EQXGT"VJG"NQUUGU"HTQO"C"&7.222
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6JG"JWOCP/HCEVQTU"TGUGCTEJ"RTQITCOU"QH"VJG"(*9#"CPF"VJG"0CVKQPCN"*KIJYC["6TCHHKE"5CHGV[
#FOKPKUVTCVKQP"JCXG"RNCEGF."CPF"EQPVKPWG"VQ"RNCEG."C"UVTQPI"GORJCUKU"QP"ETCUJ/CXQKFCPEG"YCTPKPI
U[UVGOU0"""6JGUG"JCXG"KPENWFGF"NCPG/FTKHV/YCTPKPI"FGXKEGU."XGJKENG"RTQZKOKV["UGPUQTU."CPF"continuous in-
vehicle alertness monitoring based on physiological measurement.  In this last area, an eyelid closure
measure called “PERCLOS” has received considerable attention as a benchmark measure of operator
alertness when compared with driving performance related measures. "#NN"QH"VJGUG"YCTPKPI"U[UVGOU"JCXG
EQPUKFGTCDNG"RQVGPVKCN"XCNWG"VQ"CNGTV"C"FTKXGT"QH"KOOKPGPV"VJTGCVU0""#PQVJGT"ENCUU"QH"FTKXGT/QTKGPVGF



FGXKEGU"JCU"VJG"RQVGPVKCN"VQ"DG"CDNG"VQ"RTGFKEV"FTKXGTUI"RGTHQTOCPEG"NGXGNU"DCUGF"QP"VJG"VKOKPI."NGPIVJ.
CPF"SWCNKV["QH"RTKQT"UNGGR"CPF"CEVKXKV["RGTKQFU0""1PG"UWEJ"FGXKEG"KU"VJG"#EVKITCRJ."FGXGNQRGF"D["VJG
9CNVGT"4GGF"#TO["+PUVKVWVG"QH"4GUGCTEJ."VQ"DG"FKUEWUUGF"NCVGT"KP"VJKU"RCRGT0

8GJKENG/$CUGF"1RGTCVKQPCN"#RRTQCEJGU

+P"3;:8."VJG"(*9#"ITCPVGF"C"OQVQT"ECTTKGTIU"TGSWGUV"VQ"WUG"CP"CWVQOCVKE"KPVGTCEVKXG"QP/DQCTF"TGEQTFGT
VQ"TGEQTF"FTKXGTUI"JQWT/QH/UGTXKEG0""On September 30, 1988, the FHWA revised its hours-of-service
regulations to allow motor carriers, at their option, to use certain automatic on-board recording devices to
record their drivers’ records of duty status in lieu of using the handwritten records of duty status required
under 49 CFR 395.8.  This provision is codified at 49 CFR 395.15.  

The FHWA has noted that many motor carriers that employed that technology found that their compliance
with the hours-of-service regulations improved.  Emerging technologies are causing the narrowly crafted
on-board recorder provision to become outdated"*(*9#."3;;:+0""%QPXGPVKQPCN"QP/DQCTF"TGEQTFGTU"FQ
PQV"RTQXKFG"TGCN/VKOG"KPHQTOCVKQP"VQ"VJG"OQVQT"ECTTKGT"//"VJG["CTG"FQYPNQCFGF"CV"KPVGTXCNU"TCPIKPI"HTQO
FCKN["VQ"YGGMN[0""0GY"UCVGNNKVG"EQOOWPKECVKQPU"VGEJPQNQIKGU."UWEJ"CU"VJQUG"DCUGF"QP"INQDCN"RQUKVKQPKPI
U[UVGOU"*)25+"VGEJPQNQI[."ECP"RTQXKFG"VJKU"TGCN/VKOG"NKPM0""6JGUG"VGEJPQNQIKGU"ECP"RTQXKFG"C"UWRGTKQT.
RTQCEVKXG."KTGCN"VKOGL"CRRTQCEJ"VQ"OQPKVQTKPI"CPF"EQPVTQNNKPI"FTKXGTUI"JQWTU0" The FHWA posited that
the GPS technology and many of the complementary safety management computer systems currently being
used by the motor carrier industry provide at least the same degree of monitoring accuracy as the
“automatic on-board recorders” allowed by the FMCSRs. 

GPS TECHNOLOGIES PILOT DEMONSTRATION PROJECT

On April 6, 1998 the FHWA announced a voluntary program under which a motor carrier using global
positioning systems (GPS) technology and related safety management computer systems could enter into
an agreement with the FHWA to use the systems in a pilot demonstration project to record and monitor
drivers’ hours of service in lieu of complying with the handwritten driver log requirements of 49 CFR
395.8 or the conventional on-board recording requirements of 49 CFR 395.15.  Consistent with the
President’s initiatives in reinventing government and regulatory reform, the agency has designed the
project to demonstrate whether the motor carrier industry can use the technology to improve compliance
with the hours-of-service requirements in a manner which promotes safety and operational efficiency while
reducing paperwork requirements (FHWA, 1998).

The FHWA’s starting point for defining the parameters of an automatic on-board recording device that
would meet the requirements of 49 CFR 395.15  is defined at 49 CFR 395.2:  “an electric, electronic,
electromechanical, or mechanical device capable of recording driver’s duty status information accurately
and automatically ... The device must be integrally synchronized with specific operations of the
commercial motor vehicle in which it is installed.  At a minimum, the device must record engine use, road
speed, miles driven, the date, and time of day.” Conventional mechanical tachographs are highly subject to
tampering and do not comply with the requirement.   

There are limited provisions of § 395.15 that are not entirely adaptable to GPS technology and related
computer systems.  Table 1 sets out those provisions and then describes what the GPS technology and
related computer systems have available to satisfy, or go beyond, what is required by § 395.15. 

49 CFR 395.15 GPS TECHNOLOGY

§ 395.15(a)(1) permits use of  “Automatic on-board
recording device” (OBR) as defined at  49 CFR 395.2:

Records driver’s duty status accurately and automatically
... not “integrally synchronized” with specific CMV



49 CFR 395.15 GPS TECHNOLOGY

capable of recording driver’s duty status accurately and
automatically ... must be integrally synchronized with
specific CMV functions ... must record engine use, road
speed, miles driven (axle revolutions), date and time of
day (internal clock). 

functions ...  Computes  distance traveled by vehicle
position readings (latitude/longitude) provided by satellite
...  Road speed estimated by time elapsed between
vehicle position readings.
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In June, 1998, Werner Enterprises, Inc. of Omaha, NE became the first motor carrier to enter into such an
agreement with the FHWA.  The next month, over 5,000 Werner drivers were operating without the
paperwork burden associated with paper log books.  Although Werner is the only motor carrier that has



been approved by the FHWA to participate thus far, a number of other motor carriers have expressed
interest.  The FHWA is currently reviewing their programs and procedures and has extended its deadline
for applying to participate until June 30, 1999. 

The FHWA plans to evaluate the success of the demonstration project according to four criteria:  Level of
compliance with the hours-of-service regulations, accident involvement, reduction in paperwork burden,
and improvements in operational efficiency (i.e., costs associated with preparing, reviewing, and retaining
hours-of-service data).  The FHWA believes this project will demonstrate that the motor carrier industry
can use GPS technology to improve compliance with the hours-of-service regulations in a manner which
promotes safety and operational efficiency while reducing paperwork requirements.
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Regulations mandating specific equipment have had the effect of limiting and stifling the development of
new devices that would go beyond the strict terms of the regulation.  Here, the regulatory “floor” becomes
the de-facto “standard.”  We believe that, ultimately, performance-based approaches geared toward driver
proficiency -- especially in a predictive mode -- may play a significant role towards ensuring driver
alertness and performance. 
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5GXGTCN"OCLQT"VTCPURQTVCVKQP"CPF"KPFWUVTKCN"FKUCUVGTU"//"%JCNNGPIGT."$JQRCN."6JTGG"/KNG"+UNCPF."CPF
'ZZQP"8CNFG\"//"JCF"C"EQOOQP"UGV"QH"FGHKPKPI"GNGOGPVU<"combined time-of-day and sleep-loss effects and
severe performance decrements"QP"VJG"RCTV"QH"QRGTCVQTU"CPF"ETGYU0""+P"VJGKT"EQPUGPUWU"TGRQTV"HQT"VJG
#UUQEKCVKQP"QH"2TQHGUUKQPCN"5NGGR"5QEKGVKGU"*/KVNGT."GV0"CN0."3;::+"UGXGTCN"RTQOKPGPV"UNGGR"TGUGCTEJGTU
provide an overview of contemporary research on relationships between the biological clock and human
sleepiness and sleep vulnerability, as well as studies of temporal trends of mortality, single-vehicle
highway accidents (such as run-off-road), and major engineering and industrial disasters.   The authors
recommended, among other things, that research be performed to assess the effects of less-than-adequate
sleep, even as little as a loss of 1-2 hours, on the tendency for operators to commit errors during the time
periods of increased vulnerability to sleepiness.  
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Actigraph data indicated that the short-haul drivers averaged 7.7 hours of sleep/24 hours (with 7.5 hours
taken while off duty and 0.2 hours taken as naps).  The long-haul drivers averaged 7.3 hours of sleep/24
hours (4.3 hours taken off duty and 3.0 hours taken as naps). 

+P"VJG"UGEQPF"RJCUG.""88"FTKXGTU"RCTVKEKRCVGF"KP"C"36/FC["NCDQTCVQT["UVWF[0"""6JG"FTKXGTU"YGTG"CNNQYGF":
JQWTU"KP"DGF"GCEJ"PKIJV"HQT"VJG"HKTUV"5"KDCUGNKPGL"FC[U0  On the third day, they were randomly assigned to
one of 4 sleep conditions:  9, 7, 5, or 3 hours in bed each night over the next 7 days.  The drivers were
again allowed 8 hours nightly time in bed during the final 3 “recovery” days of the study.   The drivers
were tested for cognitive performance (e.g., serial addition/ subtraction task, PC-based driving simulator,
and psychomotor vigilance task (PVT)) and alertness (e.g., multiple sleep latency test and Stanford
sleepiness scale) periodically throughout each day.  Sleep was monitored using standard polysomnographic
measures (EEG, EOG, and EMG).  The drivers also wore Actigraphs for the entire period. 

Initial study results indicate that the 9-hours-in-bed condition resulted in sustained performance and
alertness over the experimental period; this may be regarded as the “optimal” time in bed in this study. 
The 7-hours-in-bed condition resulted in slight but progressive and statistically-significant declines in PVT
performance over successive days.  However, on other performance measures there was some overlap
between the 9- and 7-hour groups, thus indicating no significant decline in performance associated with 7
versus 9 hours in bed for these measures.  The 5-hours-in-bed condition was associated with major
declines in performance and alertness on all measures.  And, not surprisingly, the 3-hours-in-bed condition
had the steepest progressive declines on all measures.  In short, the results overall have shown systematic,
orderly declines in performance/alertness across the 4 sleep conditions.
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CPF"HKGNF"VGUVU0" Walter Reed is working collaboratively with researchers at Indiana University-Purdue who
will address this complex modeling challenge with new computational intelligence techniques.

The new SPM model will be applied to these data to model/predict the effects of these real-world
schedules on metrics based on cognitive performance (serial addition/subtraction), driving (performance on
simulator), and vigilance and reaction time (PVT).  Since another study has validated the eye closure
measure PERCLOS in terms of the PVT, the new SPM model should also be able to predict future
PERCLOS scores based on sleep/wake history.  The new SPM will be integrated into the Actigraph with
an improved sleep-scoring algorithm, also under development, for future field-testing and validation.
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The operational tests of continuous monitoring systems and on-board monitors include several classes of
devices for monitoring safe operating performance of the driver and the CMV.  Driver-oriented 
monitoring devices envisioned include devices to measure eye and eyelid movement.  These have been
shown in laboratory settings to be closely related to driver drowsiness.  The Actigraph would allow a driver
to self-monitor his or her alertness at a given point in time, and to predict periods of high and low alertness
up to several hours in the future.  Vehicle-oriented devices might include sensors to measure steering
patterns and how well the CMV is tracking in the driving lane. 

We expect that technologies for monitoring drivers’ alertness and performance would be used primarily by
the drivers themselves as tools to help them plan their own wake and sleep schedules, and to adjust their
activities (including taking naps and sleep breaks, as necessary) if their alertness level is not sufficient for
them to continue driving safely.  Motor carriers might elect to use them as part of their proactive safety
assurance programs, and require drivers to use them as a condition of employment.  We do not foresee
active monitoring by the government of drivers or their vehicles via any of these technologies.  We believe
that the federal government might be more inclined to review detailed data on an individual driver’s
activity only if there were a compelling reason (such as a crash where we believed driver drowsiness was a
contributing factor, and the motor carrier did not document the driver’s activities via a record of duty status
or by other reliable means).  9JGVJGT"VJG"IQXGTPOGPV"YQWNF"TGSWKTG."CV"UQOG"HWVWTG"VKOG."VJG"WUG"QH
CNGTVPGUU"QT"RGTHQTOCPEG"OQPKVQTKPI"FGXKEGU"TGOCKPU"CP"KUUWG"WPFGT"EQPUKFGTCVKQP"CU"YG"GZRCPF"QWT
MPQYNGFIG"QH"VJG"ECRCDKNKVKGU"CPF"EQUVU"QH"XCTKQWU"U[UVGOU0"
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KPURGEVKQP."JC\CTFQWU"OCVGTKCNU"KPEKFGPEG"TGURQPUG."CPF"QP/DQCTF"UCHGV["OQPKVQTKPI0""6JG"HKPFKPIU
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VJG"%81"UGTXKEG"QP"VJG"TQCF"CPF"KP"VJGKT"XGJKENGU0""6GEJPQNQIKGU"YJKEJ"TGEGKXGF"VJG"OQUV"UWRRQTV"YGTG
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Another study assessed the potential for automated hours-of-service recording via use of smart-card
systems.  This study responded to Congressional direction to the Federal Highway Administration
contained in the agency’s 1995 appropriations bill to: “... test the feasibility of a smart [card] system to
enhance the security and utility of the commercial driver’s license and enforcement of hours-of-service
regulations.” 

Smart cards, for the purposes of this study, were defined as credit card-sized plastic cards with an
embedded integrated circuit chip containing a central processing unit, random access memory, and non-
volatile data storage.  The research contractor assessed technological, economic, and institutional factors
requiring consideration if smart-card applications were to be implemented. 

The researchers determined that three smart-card applications were feasible:  driver’s license, vehicle card
(for operating credentials and maintenance purposes), and electronic toll collection.  Two others were
determined not to be feasible: international border crossing (because data transfer via telecommunications
already is in place under the U.S. Customs Service) and driver record of duty status.  The contractor noted
three obstacles to implementing the latter:

“Current federal regulations do not require motor carriers to automate the Driver Record
of Duty Status.  Any proposed regulation specifying the use of smart cards would almost
certainly encounter fierce opposition ... All ITS programs are voluntary, and the federal
government would jeopardize carrier participation in other ITS activities if it tried to
mandate the use of smart cards.”  

The Fair Information Principles for ITS/CVO adopted in June, 1998 by ITS America include a “secondary
use” provision as follows: “Data collected by the private sector for its own purposes through a voluntary
investment in technology over and above those data required by law should not be used for enforcement
purposes without the carrier’s consent.”

Finally, Dinges (Dinges, 1997) and others have pointed out major concerns in identifying, developing, and



setting standards in the quest to develop technological approaches to managing transportation operator
fatigue and vigilance.  The approaches must be assessed in terms of sound science and engineering criteria.
 They must be practical and implementable.  Last, but definitely not least, they must be defensible from
legal and public policy perspectives.  Dinges closes with this statement: 

“Technologies may eventually prevent or limit certain catastrophic outcomes due to
fatigued performance, but technologies are not substitutes for setting societal standards for
the functional capability of an operator.  On the other hand, technologies can help
establish and maintain adherence to that standard if they are developed and used in a valid
and responsible manner.”

We believe the GPS technologies pilot project will demonstrate that the motor carrier industry can use this
technology to improve compliance with the hours-of-service regulations in a manner which promotes
safety and operational efficiency while reducing paperwork requirements.
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